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© Manufacturing method for vertically conductive semiconductor devices. 



© This invention relates to a semiconductor device 
in which a first semiconductor layer (2) is formed on 
a semiconductor anode layer (1) containing a high 
concentration "of impurity of a first conductivity type. 
This first semiconductor layer (2) contains an impu- 
rity in a lower concentration than the impurity con- 
centration of the anode layer (1) on which it is 
formed. A second semiconductor layer (3) containing 
a high concentration of impurity of a second conduc- 
tive type is formed on the first semiconductor layer, 
and a third semiconductor layer (4) containing a low 
concentration of impurity of the second conductive 
type is formed on the second semiconductor layer 
(3). Impurity regions (6) of at least the first con- 
ductivity type are formed by thermal diffusion in the 
£4 surface region of this third semiconductor layer. Dur- 
ing the thermal diffusion, the impurity contained in 
I*sthe anode layer diffuses into the first semiconductor 
O | a yer. However, the concentration and thickness of 
^"the first semiconductor layer (2) are specified so 
LOthat, even after thermal diffusion, the concentration 
"fiof the second semiconductor layer is not essentially 
changed, and thus a semiconductor device which 
Ohas a thin, high concentraton buffer layer (3) can be 
Ql, provided by this production method. 
Ill 
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MANUFACTURING METHOD FOR VERTICALLY CONDUCTIVE SEMICONDUCTOR DEVICES 



This invention relates to manufacturing meth- 
ods for semiconductor devices, particularly those 
J used in insulated gate bipolar transistors (IGBT) 
and static induction (SI) thyristors. 

In recent years attention has been focussed on 
IGBT and SI . thyristors as large power switching 
devices. These semiconductor devices are de- 
scribed below with reference to the drawings. 

Figure 1 is a cross-sectional view showing the 
construction of an IGBT element. High impurity 
concentration n buffer layer 13 is formed on high 
impurity concentration p type semiconductor sub- 
strate 12 which is provided with anode electrode 
(collector electrode) 11. Low impurity concentration 
n~ type semiconductor layer 14 is formed on n* 
buffer layer 13, p type impurity regions 15 are 
formed in the surface region of n~ type semicon- 
ductor layer 14, and high impurity concentration n* 
type impurity region 16 are formed in these p type 
impurity regions 15, Cathode electrodes (emitter 
electrodes) 17 are provided on these p type impu- 
rity regions 15 and n + type impurity regions 16. 
Also, gate electrode 19 is formed on surfaces of p 
type impurity regions 15 and n~ type semiconduc- 
tor layer 14 with gate insulating film 18 interposed. 

Figure 2 is a cross-sectional view showing the. 
construction of a SI thyristor element. In the same 
way as in the IGBT in Figure 1, high impurity 
concentration n buffer layer 23 and low impurity 
concentraton n" type semiconductor layer 24 are 
formed on high impurity concentration p* type 
semiconductor substrate 22 which is provided with 
anode electrode 21. Also, high impurity concentra- 
tion p type impurity regions 25, which function as 
the gate and high impurity concentration n* type 
impurity region 26, are formed by thermal diffusion 
in the surface region of n~ type semiconductor 
layer 24. Cathode electrode 27 is provided on n* 
type impurity region 26, and insulating films 28 are 
formed on p impurity regions 25. 

These semiconductor devices can cut off the 
main current flowing through the device by gate 
control. Characteristically the current density of 
these devices can be made higher than in an MOS 
FET, in which only majority carriers contribute to 
the current, since n" type semiconductor layers 14 
or 24 cause conductivity modulation by minority 
carriers (holes) which are injected in high-resis- 
tance n" type semiconductor layers 14 or 24 from 
p type semiconductor substrates 12 or 22 through 
buffer layers 13 or 23. Moreover, when compared 
with bipolar transistors, it is known that, as well as 
high-speed switching being possible, there being 
less lost power and there being high breakdown 
voltage, there is also low ON resistance. However, 



there are some incompatible characteristics of 
these devices. For example, there is a trade-off 
relationship between high-speed switching and the 
production of low ON resistance. To improve this 
5 trade-off, that is to achieve low ON resistance as 
well as high-speed switching, it is necessary to 
form thin high impurity concentration n* buffer lay- 
ers 13 and 23. 

The manufacturing method for the IGBT shown 
10 in Figure 1 will be described with reference to 
Figure 3(a) to Figure 3(c). The same symbols are 
used in Figure 3 where applicable. 

First, as shown in Figure 3(a), thin high impu- 
rity concentration n* buffer layer 13, in which phos- 
75 pfiorus (P) is typically the dopant, is formed by 
expitaxial growth on high impurity concentration n* 
type semiconductor substrate 12. Low impurity 
concentration n~ type semiconductor layer 14, in 
which phosphorus (P) is the dopant, is formed by 
20 expitaxial growth on n* buffer layer 13. Next, as 
shown in Figure 3(b), p type impurity regions 15 
are formed in the surface portion of this n~ semi- 
conductor layer 14 by thermal diffusion, and then 
n* type regions 16 are formed in the surface 
25 portion of these p type impurity regions 15 by 
thermal diffusion. At the same time, the phos- 
phorus in n buffer layer 13 diffuses into n~ type 
semiconductor layer 14. After this, gate insulating 
film 18 and gate electrode 19 are formed on sur- 
30 faces of p type impurity region and n~ type semi- 
conductor layer 14. Furthermore, anode electrode 
11 is provided on semiconductor substrate 12, and 
cathode electrodes 17 are provided on p type 
impurity regions 15 and n* type impurity regions 
35 16. Figure 3(c) shows the impurity profile of the 
semiconductor device of Figure 3(b). 

In this process, assuming the diffusion coeffi- 
cient of the dopant in n* buffer layer 13 is large, 
forming p type impurity regions 15 and n* type 
40 impurity regions 16 (in the SI thyristor, p* type 
impurity regions 25 and n* impurity regions 26) in 
the surface region of n" type semiconductor layer 
14 by thermal diffusion causes the dopant of n* 
buffer layer 13 to also be diffused and thus a thin 
45 high impurity concentration n* buffer layer 13 is 
. not obtained. Therefore, when a dopant with a large 
diffusion factor, such as phosphorus, is used, both 
high-speed and low ON resistance cannot be* 
achieved. 

so On the other hand, if the dopant of n* buffer 

layer 13 is arsenic (As), antimony <Sb) or bismuth 
(Bi) which have small diffusion coefficients, the 
dopant (for example boron (B)) of the p* type 
semiconductor substrate 12 will have a larger diffu- 
sion coefficient than any of these dopants. For this 
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reason, significant mutual diffusion of the dopant of 
rT buffer layer 13 and the dopant of p type 
semiconductor substrate 12 occurs due during the 
thermal diffusion process. Therefore, reduction of 
the concentration in n* buffer layer 13, disappear- 
ance of the n + buffer layer 13 which depends on 
the diffusion time, and diffusion of the impurities of 
p* type semiconductor substrate 12 to the n" type 
semiconductor layer 14 can occur. Even if impuri- 
ties with small diffusion coefficients are used as 
dopants of the n* buffer layer 13, a thin high 
concentration n* buffer layer 13 still cannot be 
obtained. 

As a result, in the semiconductor manufactur- 
ing method described above, a thin high concentra- 
tion buffer layer is extremely difficult to form. Con- 
sequently semiconductor devices which have both 
high speed switching and also low ON resistance 
cannot be produced. 

The object of this invention is to provide a 
manufacturing method for semiconductor devices 
having thin, high concentration buffer layers, even 
after thermal diffusion processing. 

In order to achieve the above object in the 
manufacturing method of this invention a first semi- 
conductor layer is formed having a lower impurity 
concentration than that of the anode layer on which 
it is formed, the anode layer having a high con- 
centration of impurity of a first conductive type. A 
second semiconductor layer, containing a high con- 
centration of impurity of a second conductive type, 
is formed on the first semiconductor layer, and a 
third semiconductor layer having a low concentra- 
tion of impurity of the second conductive type is 
formed on the second semiconductor layer. 

Then, a first conductive type impurity region is 
formed in the surface region of the third semicon- 
ductor layer by thermal diffusion. During the diffu- 
sion, the impurity contained in the anode layer is 
diffused into the first semiconductor layer. The 
concentration and thickness of the first semicon- 
ductor layer are determined so that the impurity 
concentration of the second semiconductor layer 
does not substantially change during diffusion. 

By using this kind of manufacturing method, a 
thin second semiconductor layer which contains a 
high impurity concentration can be formed, and 
even after thermal diffusion processing, a semicon- 
ductor device which has a thin high concentration 
buffer layer can be obtained. 

Other objects and many of the attendant ad- 
vantages of this invention will be readily appre- 
ciated as understood by reference to the following 
detailed description when considered in connection 
with the accompanying drawings in which like ref- 
erence characters designate the same or similar 
parts throughout the figures. 

Figures 1 and 2 are respectively cross-sec- 



tional views of prior art semiconductor devices. 

Figures 3(a) and 3(b) are respectively cross- 
sectional views illustrating the manufacturing meth- 
od for the semiconductor device shown in Figure 1 . 
5 Figure 3(c) is a drawing showing the impurity 

concentration profile in the cross-sectional view of 
the semiconductor device shown in Figure 3(b). 

Figure 4(a) to Figure 4(g) are cross-sections 
illustrating the manufacturing method of a semicon- 
io ductor device in accordance with an embodiment 
of this invention. 

Figure 5 is a cross-sectional view illustrating 
the production of a semiconductor device of an- 
other embodiment of this invention. 
J5 Figure 6 shows a comparison of the char- 

acteristics of an I6BT produced by this invention 
and by the prior art. 

Figure 7(a) to Figure 7(c) are cross-sections 
showing an example in which this invention is ap- 
20 plied to the production of an SI thyristor. 

Figure 4(a) to Figure 4(g) show the manufactur- 
ing method for making the semiconductor device of 
this invention. First, as shown in Figure 4(a), low 
impurity concentration p~ type semiconductor layer 
25 2, for example containing boron (B), with an impu- 
rity concentration of 10 14 - 5 x 10 16 cm" 3 is 
formed by silicon (Si) expitaxial growth on high 
impurity concentration p* type semiconductor sub- 
strate 1 composed of silicon (Si) containing boron 
30 (B) with an impurity concentration of 10 18 - 10 20 
cm" 3 . The thickness of. this p~ type semiconductor 
layer 2 is set at a value at which a high impurity 
concentration (10 18 - 10 20 cm" 3 ) will be formed 
throughout the whole layer during the thermal pro- 
35 cessing. Then, as shown in Figure 4(b), n buffer 
layer 3 with a high impurity concentration of 10 16 - 
1g is cm-3 is f 0r med by epitaxial growth on low 
impurity concentration p~ type semiconductor layer 
2. This high impurity concentration n* type buffer 
40 layer 3 is grown using elements with a small diffu- 
sion coefficient such as arsenic (As), antimony (Sb) 
or bismuth (Bi) as impurities (dopants). 

It has been experimentally determined that the 
thickness of n* buffer layer 3 should be within the 
45 range of Sum - 10 urn. If the thickness is less than 
Sum, the control of the impurity diffusion thickness 
is in the p" type semiconductor layer is unstable. If 
the thickness is more than 10um, the impurity 
profiles of the n* buffer layer and other impurity 
so doped regions are distorted during the longer heat- 
ing process required to eliminate the p" type layer. 

Also, if the n* buffer layer is to function as 
intended, the impurity concentration of the p" type 
semiconductor layer 2 must be within the range of 
55 10 u to 10 16 atoms/cm 3 . The impurity concentration 
of. the p* type semiconductor substrate 1 must be 
greater than that of p" type semiconductor layer 2. 
There is no necessary relationship between the 
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impurity concentration and the thickness of the p~ 
type semiconductor layer. 

It is preferred that the n* buffer layer have a ' 
thickness of Sum and an impurity concentration of 
10 17 atoms/cm 3 . However, it can have a thickness 
w between Sum and 10um with concentration of 10 16 
atoms/cm 3 or greater. If the thickness is greater 
than 20um, the conduction resistance becomes too 
high. 

After the step shown in Figure 4(b) low impu- 
rity concentration n" type semiconductor layer 4 is 
formed by silicon (Si) epitaxial growth on high 
impurity concentration n type buffer layer 3 as 
shown in Figure 4(c). Next, as shown in Figure 4- 
(d), an insulating film is formed on n~ type semi- 
conductor layer 4, and p type impurity regions 6 
are selectively formed by the thermal diffusion of 
boron (B) after providing openings over the regions 
^determined for p type semiconductor regions 
6. At this time, the impurity (for instance, boron (B)) 
in p* type semiconductor substrate 1 diffuses into 
p~ type semiconductor layer 2, which is changed 
to p* type to the thickness shown by the broken 
line. Thus, p type impurity layer 1a is formed in 
continuation with p type semiconductor substrate 
1. 

Furthermore, as shown in Figure 4(e), insulat- 
ing layer 5 in Figure 4(d) is removed, and gate 
insulating film 7 and polycrystailine silicon layer 8, 
which becomes the gate electrode, are selectively 
formed so that at least the surface of n~ type 
semiconductor layer 4 between p* type impurity 
regions 6 is^covered. Also, in order to provide 
portions of p type impurity regions 6 which will 
connect with the cathodes, insulating films 9 which 
are separated from gate insulating film 7 and poly- 
crystalline silicon layer 8 are selectively formed. 
Then, p type impurity regions 10, doped with boron 
(B) to^a comparatively low impurity concentration, 
and n* type impurity regions 101, doped with ar- 
senic (As) or phosphorus (P) to a high impurity 
concentration, are formed through the openings 
between polycrystailine silicon layer 8 and insulat- 
ing films 9. These p type impurity regions 10 and 
n + type impurity regions 101 are formed in a self- 
alignment arrangement by selecting specified val- 
ues for the impurity concentrations, the diffusion 
times and the difference of diffusion coefficients of 
the impurities. The difference of the amounts of 
diffusion between p type impurity regions 10 and 
n* type impurity regions 101 defines the channel 
below gate insulating film 7. Also, phosphorus (P), 
for example, is doped into polycrystailine silicon 
layer 8 and it is given conductivity as a gate 
electrode. In the case of doping phosphorus (P) n* 
type impurity regions 101, the doping of impurity 
(phosphorus (P)) into polycrystailine silicon layer 8 
may be carried out at the same time as the forma- 



tion of the n type impurity regions. 

In^this way, when p type impurity regions 10 
and n type \m purity regions 101 are formed, the 
impurity of p* type semiconductor substrate 1 dif- 
s fuses further into p~ type semiconductor layer 2 
and increases the thickness of p* type impurity 
layer 1a until it reaches as far as the n* type buffer 
layer 3. When elements with a small diffusion co- 
efficient such as arsenic are used as the dopant in 
70 n type buffer layer 3 as described above, the 
impurity of the n* type buffer layer 3 diffuses only 
very slightly into p~ type semiconductor layer 2, 
and the thickness of n* type buffer layer 3 is 
accurately maintained at the specified thickness 
75 while remaining at the same high impurity concen- 
trator Also, due to the presence of the p~ type 
semiconductor layer 2, the impurity of p* type 
semiconductor substrate 1 does not diffuse to the 
extent it causes the n* type buffer layer 3 to 
20 disappear. Thus, the thickness and impurity con- 
centration of n* type buffer layer 3 is virtually 
guaranteed until the completion of the heat pro- 
cessing of the semiconductor device. 

After passing through the whole heat process, 
25 the optimum condition is to substiture the p* type 
impurity layer 1a for the p" type semiconductor 
layer 2 and to make the p" type semiconductor 
layer 2 disappear. However, even if a portion of p" 
type semiconductor layer 2 remains, in practice 
so this will not create a problem since it is most 
important that the impurity concentration of n* type 
buffer layer 3 should not be changed. 

Next, as shown in Figure 4(f), insulating film 9 
is removed, and insulating film 102 is formed to 
35 cover gate insulating film 7 and gate electrode 8. 

As shown in Figure 4(g), anode electrode 103 
is formed on p* type semiconductor substrate 1, 
and cathode electrodes 104 are formed to connect 
to n* type impurity regions 101 and p* type impu- 
40 rity regions 6. 

Figure 5 shows the application of this invention 
to a device wherein the low concentration p~ type 
semiconductor layer 2 of the previous embodiment 
is changed to low concentration n~ type semicon- 
45 ductor layer 2a. In Figure 5, the same symbols are 
used for parts which are the same as in the pre- 
vious embodiment. First, in the same way as in the 
previous embodiment, low concentration n~ type 
semiconductor layer 2a is formed on high con- 
so centration p* type semiconductor substrate 1 by 
epitaxial growth. High concentration n* type semi- 
conductor layer 3 and low concentration n™ type 
semiconductor layer 4 are successively formed on 
n" type semiconductor layer 2a by epitaxial 
55 growth. Although the n~ type semiconductor layer 
2a is substituted for the p~ type semiconductor 
layer 2 in the latter process, the result will be the 
same as in the previous embodiment. Even in this 
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type of production method, the same effect can be 
obtained as in the production method for the semi- 
conductor device shown in Figure 4. 

Using the abov methods, IGBTs were pro- 
duced by this invention making the concentration 
of p* type semiconductor substrate layer 1 about 
10 19 cm" 3 , making the concentration of low con- 
centration p" type semiconductor layer 2 or low 
concentration n" type semiconductor layer 2a 
about 10 16 cm" 3 and their thicknesses Sum, and 
making the concentration of n* type buffer layer 3 
about 10 17 cm" 3 and its thickness Sum. The ther- 
mal diffusion process was carried out for 17 hours 
at 11O0*C. As a result, as shown in Figure 6, an 
improvement in the characteristic curve for the 
IGBT curve of this invention (A), which relates the 
falling time of switching (fall time) t F and the satura- 
tion voltage between the collector and the emitter 
V C E t 3AT). compared with the IBGT <B) of the prior 
art can be seen by the shift towards the X and Y 
axes. For both the IGBT of this invention and of the 
prior art, these curves are for the case when the 
current density is made 1.05 A/mm 2 by carrying 
out lifetime control of the carrier of the n~ type 
semiconductor layer. 

As is clear from these results, an IGBT with 
both low V C e and low t F can be produced by this 
invention. 

However, although these embodiments all con- 
cern IGBT. if the processes in Figure 4(d) and 
thereafter are altered to those in Figure 7(a) to 
Figure 7(c), this invention can also be applied to SI 
thyristors. That is to say, after forming each semi- 
conductor layer to the condition shown in Figure 5, 
silicon dioxide film 29 and silicon nitride film 30 are 
formed on the surface of n" type semiconductor 
layer 4, as shown in Figure 7(a), and, after making 
openings in the estimated regions for the formation 
of p* type impurity regions 25, p* type impurity 
regions 25 are provided by the thermal diffusion of, 
for instance, boron (B). N" type semiconductor 
layer 4 forms a channel below the silicon film 29 
and silicon nitride film 30 between p* type impurity 
regions 25. 

Next, by selectively oxidizing the surface of p 
type impurity regions 25 using silicon nitride film 
30, which functions as an oxidation prevention film, 
as a mask, insulating films 28 are formed on the 
surfaces of p* type impurity regions 25, as shown 
in Figure 7(b). After this, as shown in Figure 7(c), 
silicon dioxide film 29 and silicon nitride film 30 are 
removed, and n* type impurity region 26 is formed 
by thermal diffusion of, for instance, phosphorus 
(P) using insulating films 28 as masks. Further- 
more, the SI thyristor shown in Figure 2 is^ com- 
pleted by providing anode electrode 21 for p type 
semiconductor substrate 1 and cathode electrode 
27 for n* type impurity region 26. Although not 



illustrated in the drawings, gate electrodes are pro- 
vided in p* type impurity regions 25 through open- 
ings provided in insulating films 28. 

Numerous modifications and variations of the 
present invention are possible in light of the above 
teachings. It is therefore to be understood that, 
within the scope of the appended claims, the 
present invention can be practiced in a manner 
other than as specifically described herein. 



Claims 

1. A method for manufacturing a vertical con- 
rs ducting power semiconductor device having a cath- 
ode, an anode and a gate elecrode, comprising the 
steps of: 

preparing a highly doped semiconductor substrate 
(1) of a first conductivity type; 
20 forming a first semiconductor layer (2) on said 
semiconductor substrate which has a lower impu- 
rity concentration than that of said semiconductor 
substrate (1); 

forming a highly doped second semiconductor lay- 
25 er (3) of a second conductivity type in said first 
semiconductor layer (2); 

forming a lightly doped third semiconductor layer 
(4) of said second conductivity type on said second 
semiconductor layer (3); 

30 forming a first impurity doped region (6) of said 
first conductivity type in said third semiconductor 
layer which is diffused from a surface of said third 
semiconductor layer by a heating process; and 
diffusing impurities of first conductivity type of said 

35 semiconductor substrate into said first semiconduc- 
tor layer when said impurity doped region is dif- 
fused by said heating process, so as to maintain 
the impurity concentration of said second semicon- 
ductor layer at a constant level and substantially 

40 maintain the same thickness. 

2. The method for manufacturing a vertical 
conducting power semiconductor device according 
to claim 1, wherein said first, second and third 
semiconductor layers are formed by an epitaxial 

45 growth technique. 

3. The method of manufacturing a vertical con- 
ducting power semiconductor device according to 
claim 1, wherein said first semiconductor layer has 
said first conductivity type. 

so 4. The method of manufacturing a vertical con- 

ducting power semiconductor device according to 
claim 1 ( wherein said first semiconductor layer has 
said second conductivity type. 

5. The method of manufacturing a vertical con- 

55 ducting power semiconductor device according to 
claim 1 , wherein said first semiconductor layer has 
a high impurity concentration in the range of 10 18 - 
10 20 cm" 3 by said diffusing step. 
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6. The method of manufacturing a vertical con- 
ducting power semiconductor device according to 

_claim 1, further comprising the step of forming a 

second impurity doped region (101) of the second 

conductivity type within the first impurity doped s 
• region (6). 

7. The method of manufacturing a vertical con- 
ducting power semiconductor device according to 
claim 6, wherein said vertical conducting power 
semiconductor device is an insulated gate bipolar w 
transistor. 

8. The method of manufacturing a vertical con- 
ducting power semiconductor device according to 
claim 1, further comprising the step of forming a 
highly doped second conductivity type region (26) ;s 
in a surface portion of said lightly doped third 
semiconductor layer (4). 

9. The method- -of -manufacturing- a vertical con- 
ducting power semiconductor device according to 
claim 8 f wherein said vertical conducting power 20 
semiconductor device is a static induction thyristor. 
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© This invention relates to a semiconductor device 
in which a first semiconductor layer (2) is formed on 
a semiconductor anode layer (1) containing a high 
concentration of impurity of a first conductivity type. 
This first semiconductor layer (2) contains an impu- 
rity in a lower concentration than the impurity con- 
centration of the anode layer (1) on which it is 
formed. A second semiconductor layer (3) containing 
a high concentration of impurity of a second conduc- 
tive type is formed on the first semiconductor layer, 
and a third semiconductor layer (4) containing a low 
concentration of impurity of the second conductive 
type is formed on the second semiconductor layer 
(3). Impurity regions (6) of at least the first con- 
ductivity type are formed by thermal diffusion in the 
surface region of this third semiconductor layer. Dur- 
ing the thermal diffusion, the impurity contained in 
the anode layer diffuses into the first semiconductor 
layer. However, the concentration and thickness of 
the first semiconductor layer (2) are specified so 
that, even after thermal diffusion, the concentration 
of the second semiconductor layer is not essentially 
changed, and thus a semiconductor device which 
has a thin, high concentraton buffer layer (3) can be 
provided by this production method. 
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